REMARKS 

In the Office Action dated 23 March 2004, claims 13-29, all claims pending in this application, 
had been rejected and the rejection had been made Final. Applicants have not amended the claims, but 
proffer the remarks to follow in traversal of the stated ground for rejection. 

All claims had been rejected under 35 USC 112, second paragraph,. As explained, the rejection is 
based upon the theory that "one cannot unambiguously discern the precise manner in which the variously 
recited polyamides and copolyamides have been "modified" (emphasis added). 

Firstly, the claims are directed to a wave guide including a protective sheath made from a 
modified PA. The modified PA has been characterized by the concentration of amino terminal groups 
and carboxyl terminal group. These concentrations and the ratios thereof uniquely characterize the PA's 
used to implement the invention and can be identified readily by analysis of the claimed wave guide and 
sheath. How or where they are obtained is not critical and neither the method of making nor the unique 
PA's are claimed. The surprising advantage when used in this way is the genesis of the invention. 

Secondly, methods are available and the claims are enabled. 
Enclosed with this response are pages 470-471 of Vo. 19 of the Kirk-Othmer Encyclopedia of Chemical 
Technology, Fourth ed. which describes methods of synthesis of polyamides. It is noted that the "normal" 
ratio of amino to carboxyl terminals would be approximately 1:1 in the absence of regulators (pg. 471, 1" 
paragraph). 

The functioning of different regulators for the production of polyamide 6 from e- caprolactam is 
described by Mizerovskii, L.N. and Paikachev, Yu. S. in Polym. ScL U.S.S.R. 12 (1970), pp 858-869. On 
page 859 there is described that by using a monocarboxylic acid as the regulator, there will be formed 
three kinds of terminal groups: amino terminal groups, carboxylic terminal groups and amide terminal 
groups (RCONH-). 

The amide terminal groups are formed by the classical reaction of the monocarboxylic acid 
(RCOOH) with an amino terminal group. Therefore, the addition of monocarboxylic acid reduces the 
number of amino terminal groups. If a dicarboxylic acid is used, not only the number of amino terminal 
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groups is reduced, but also the number of carboxyl terminal group is increased, since ultimately one 
ammo terminal group is replaced by one carboxyl group. 

If a monoamine (RNH : ) is used as a regulator, it reacts with a carboxyl terminal group forming an 
amide group (RNHOC-). Therefore, the addition of a monoamine reduces the number of carboxyl 
terminal groups. If a diamine is used, a carboxyl group is replaced by an amino group and therefore the 
number of amino terminal groups is increased. 

In the case of the modified polyamides described in the present application, the modification is 
made by using a basic regulator (amine) instead of an acidic regulator (carboxylic acid) for producing the 
polyamides. 

Therefore, a reversion of the terminal group ratio occurs, as shown in the Table below for two 
polyamide 12's. By using an amine regulator (hexamethylenediamine) the amino terminal group 
concentration is made to predominate, whereas by using a carboxylic acid as a regulator, the carboxyl 
terminal group concentration is made to predominant. 



TABLE 





Unmodified Polyamide 12 


Modified Polyamide 12 


Commercial Name 


Grilamid L16 


Grilamid L16A 


Regulator amount* [wt.-%] 


0.63 


0.61 


Amino Terminal Group 
Concentration [meq/kg] 


10 


100 


Carboxyl Terminal Group 
Concentration [meq/kg'] 


95 


12 


Rel. Viscosity 0,5% in M-cresol, 
20°C 


1.65 


1.67 



Also attached are product summaries for Grilamid LI 6 and LI 6M (not this invention) and L16A (this 
invention). Not that the Technical Data Sheet is not yet available. The products are different, have 
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different properties and produce surprisingly different results in the wave guide, as shown in the 
examples. 

The claims (except 19) were rejected as obvious over Yamamoto et al., U.S. Patent No. 4,593,974 in view 
of Yang et al.,' U.S. Patent No. 6,064,790. The correctness of this rejection depends upon the proper 
interpretation of column 4, lines 12-32, of Yang et al. As explained supra , the examples in the reference 
have not the same composition or properties of the PA as modified to have the properties of the 
polyamides with the amino to carboxyl terminal ratios as claimed. There can be no expectation that such 
a change in ratios would result in the dramatically improved properties. Apparently, the European 
Examiner agreed as indicated by the International Search Report for the underlying priority application 
published as WO 00/60382. 

In view of the arguments presented, the rejections are traversed and the matter is in condition for 
allowance. Passage to issue is respectfully solicited. 

Enclosure: Kirk-Othmer Encyclopedia of Chemical Technology, Vol. 1 9, pp 470-17 1 

Polym Sci USSR (1970) . pp. 558 - 569 
International Search Report, WO 00/60382 
Product Sheets 
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Fig. 5. Tha dependence of remanent polarization, P r , on zhQ melting paint, T* mt in 
nylons (40). 

Chemical Properties 
PREPARATION 

Direct Amklation. Tha direct reaction of *»vn^n acids to form Type AB 
polyamldae (eq. 1) and diaods and diamine* to form type AABB polyamidea 
(eq. 2) are two of tha most commonly used methods to produce polyamides. The 



-R — C — OH «=» HjN— R-f-C — NH — K-^Ap OH + (n - 



UHtO 



O O 

n H 2 N — R — NHa + n HO — C — R' — C — OH 



, — NH-f (?- — 5 



HaN — R — NK-f 



-NH— R— NHH£(jjpR'— (5 — OH + 



(2a * DHsO 



integer n is called the degree of polymerization (DP). The average DP is approxi- 
mately 200 for a typical nyion-6, or about 100 for nylon-6,fl; thus tha cumber* 
average molecular weight ia approximately equal for both, Since tha monomer, 
hexamcthylfiuadlpamida, for nylon-6,8 has twice the unit weight as the 
monomer, a-aminocaproamide, has in nylon-6. Vfater ia released aa a by-product 
of tha reaction and depending' on the amdittous of tha reaction can be in equUib*- 
rium with the reactanta. Ideally to tha amino acids, only one homologous »^>- 
of Hncar polymers ia formed, each member of which pAttuwee one am*™ and 
one carbcocyl end group, as shown In equation 2. However! fbr the type AABB 
polymers, two additional homologous seriea of linear polymers an poealbly one 
with two amino end groups and one with two cazboxyl and groups: 



O o 

II II 



0 O O O 



HO-+- 



1I-C5-Q4 
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Polymers from either of these homologous series can be ma d e to predomi- 
nate by using a small excsss of the diamine get diariri, respectively. In addition 
to theae linear polymers, cyclic oligomers axe also formed, though in this case n 



C — NH — R 



LA 



) — NH— R— NH- 



is generally <10 for type AABB and <20 lor type AB polymers. Th\ia t tar the 
Type AB polyamidea, direct polyamidatian leads ideally to a mixture of two 
homologous series of polymers, one linear and one cytflic, and for the Type AABB 
a mixture of four is formed, three linear and one cyclic Addi tion al complications 
can arise as a result of side reactions and degradation, which can lead to difiexent 
end groups, defects along the chain, or branching. 

Direct amidation is generally carried out in the melt, although it can be 
done in an inert solvent starting from the dry salt (48). Because most aliphatic 
polyamidea melt in the range of 200-800'C and aromatic-containing polyamides 
at even higher temperatures, the rtactanta and products must be thermally 
stable to be polymerized via this method. 

Acid Chloride Reaction. In situations where the reactants are sensitive 
to high temperature or the polymer degrades before the malt point is reached, 
the acid chloride route is often used to produce the poly amide (47). The basic 
reaction in the presence of a base, B:, is as follows: 



Because almost any ««a«« can be readily converted to the acid chloride, 
this reaction is quite versatile and several variations have been developed. In 
the interfadal polymerisation method the reaction occurs at the boundary of 
two phases: one contains a solution of the add chloride in a water-immiscible 
solvent and the other is a «aTmH«w of the diamine in water with an inorganic 
base and a surfactant (48). In the solution method, only one phase is present, 
which ^fj"™ a solution of the dlairrinn and oxacid chloride. An organic base 
is added as an acceptor for the hydrogen chloride produced in the reaction (49). 
Following any of theae methods of preparation, the polymer is exposed to water 
and the add chloride end is converted to a carboxylic acid end. However, it is very 
difficult to remove all traces of chloride from the polymer, even with repeated 
washings with a strong base, . 

Ring-Opening Polymerization, RingK>pening polymerization is the 
method used to convert lactams to polyamides. There are several variations of 
the method* but the most ccmimonty practiced method in industry is hydrolytic 
polymerization, in which, lactams containing six oar mora carbons In the ring 



o o 

11 I uz 
n H2NRNH3 + n O — C — R'— C— CI 
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REGULATION OF MOLECULAR WEIGH! OF POLYCAPRO AMIDE * 

L. N. MxSBBOVSKir and' Yu. 8. P-AikajOOTV 
PWmtrsd Technology Inatitcifco, Ivaaavxk 
{Racsived 80 -Dcaomier 19+38) 

Ik okdhh to obtain polycaproamida (POA) with, a definite zuoleoular "weight, 
mole«au«- , w«ighi» regulators are introduced into thB TnonnTTiw before polymsr- 
frratmiv iheae are mono- and dicaiboxyno acids, mono- and diamines, amine 
salts of oarbaxytto acids, strong adds and bases, and amine, aalta of strong adds. 

Byhxteracfe^TrtihcHieorb^ 
the propagating ahain through the" formation of end alkyl- ox axyiaunde groupe, 
ox tihitough eali) formation. „ 

In. ordex to assess the degree of polymerization (?) of PGA syntaeeiaed in 
the presence of zegolators, the i*tao 

is generally used [3, 4], where j is the quantity of xegtdatet in mole % of the 
quantity of ca^iralabl^jai. Agreement between "theory and experiment is thus 
found only in preeenoe of at least 2 mole % of regulator [4, and the dis- 
crepancy between the oalcnlated and experimental values of P with smaller 
quantities of regulator is usually explained by the uncontrolled termination of 
the through, impurities in the carprolaotarh, 

It should, however, be remembered that regulation, of the molecular weight of 
PGA (and also of other polyamides) is also possible in the absenoe of special 
substances because of the reversibility of the polyamldatian zeactian 

— NH.+HOOC- — 2JHOO J-H.0 . 

In this ease, the degree of polymerisation of POA ia detea^nined by the equation 




•where K is the constant far the amide epjiTHhrrum and «* is the epjdHbrnxm 
concentration of water in moles per mole of the chemical unit of the maeramaleoole. 

fimoe it is praotioally impossible to obtain an absolutely dry melt of POA 
^fflcfai* laboratory oandxtLona, and .even more so under industrial conditions, the 

* Vyuknaal. Boyod. A12-- Mb. 4, 761-770, 1970. 
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ofifeob of the reversibility' of poIyftTnidatian on the degree of polymerization of 
PGA synthesized in the presence of a regulator munt clearly not "be neglected. 
In fact, the regulator is usually introduced at the rate of 0-3-1 mole % £2, 8], 
and .the ? waier cbirteir6 in the 1* CA melt at the end of the reaction amounts to 
1-2 mole % (0-1 5-0-26 wt. %) p.0]. Under these conditaans, P for the polymer 
should depend both on the jymrfriTvh af- water and alufa an the amount of regulator- 
It is t&arefbre undoubtedly of interest to establish the quantitative connection 
between the average degree of polymerisatian of PGA, the amount of regulator 
introduced and the equilibrium r*^*7yfcrrqi of water in the polymer melt* 

.The present paper is devoted ta a -theoretical disooBBian of the relationship 
between the qnantrtfrtea mentioned above, whan the following compounds axe 
used aa regulators: monocaxboxyiic acddd and monoamines, dioarboxyiio adds 
and diamines, amine and amide salts. - . 

Derivation of equations. Monccarboxylic acids and mcmo&nwftca. Whenmono- 
carboxyiia aalda are used aa regulators, PQA macromolscules of two types should 
be formed: 

KHr^ — OOOH 

and the equilibrium reactions-in t§ie polymer matt may be represented by the 
schemes: 

— NHt'+HOOC — 2ffHOO — 4-HjO (3) 
— NHt+HOOCR — iCBDC0CB-+- # H*O * (4) 

— UHCOR+HOOG— 5— NHCO^+BOOOiaC (5) 

If the concentration of macroxooleoules (the number of chains) in a weighed 
polymer sam ple is expressed in moles per basic mole, then JP for such a- podymeoc 
is equal to 1/% where nia the number of chains. In the present case, OOQH), 

In equilibrium, the concentration of the end caxboxyho groups is given by 

Here h and euro the rate constants for the reaction hot) wean end amino and 
aoylanrfno groups with end oaxbozyiio groups respe ctively ; k* and V* are the 
rate constants for hydrolysis and acidolysis of maorotmnlecular amide bonds* 
Assuming that [~MHOO~;^=s3; [—OTWE^^paCOOHlo— [ROOOH]^ 
^[ROOOHXi; £— NHJ^— [-^O^— ^{MOOE^ mbBttim^ these 
values into equation (6), we obtain after some rearrangeinent 
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where • fBCOOgU . 

"^[BCOQHJo • • 
' , _ ^™lvmerizatirm may be written in the farm: 
. la" this case; tbfl average degree of poiyxnenBsona «»»jr 

x (i-(l~)^I^OdEru) 

V ft' : (7) 

P~ % " 

Kbcting tte appropriate root, we obtam ■ 

*" 1 4 ( CS .oj^«it B COOHL)" + [ a,03^.-5-tBOOC«l. • 

Accardillg to data of Kokand ^^^n^^T^ 
t^^fa doeeBot exoeed2 mole 
x^yT^^ted- lii this ^itoequ^iK* 

«£ ^ depend^ of « on f XDay be ^htea a3*ibe ; aquatic* 
' ' ' ' * ' ° l .. . X . • • * 



iu^P^afeactionoiJyrfl^ 

By apptfag all tha vmMmitow* in* &twarf **™J !0 ^^TJ 
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Eflgnlatioa of nwloonlar- waigbt of polyoaproamida 861 

Dicarloxylic acids end diamines. Three types of macro^oWe ahould 
be formed in tho PCA melt in the preaenoe of dicarboxyioo aons: 

—COOH 

HOOGRCONH- **** ' C OOH 

and tha eojnTzndta reac^ 

. — NHa-HOOC— J— NBCO— + H,0 C* 1 ) 

—nh^hoocrooohS-^nhdobcooh+b:^ ("> 

— OT,+HOC<2WONH— S-^^OCXECONH--+ H.O , <1»> 

if the amdolyina of tixo end amide group* la neglected 

-UHOOBOOOH+HOOO- 5*MH0Q+ -HOOCRGOOH 
-UHCOSCOOH+HOOOROOHH- ^-2^0RCQ2JH- +HOOCECOOH 
1W work on the anude eqafflhrimn In polyhflxameOiyJBne ad^nufle. 
n^it jt^edlL tneJu^Tand^. should be P-*^^ 

case of aromatic *ainines in which the .^^J^ 
^opoupsialess than the Woity of the 

JheSSdStinu of end armnatio group* into POA by Bogdanov e* * phased 

oji-thia [4]. 

It fellows from equation (18) that 

. C-KHX^RCOIJH-^ _ .gJ-MHel^ 

• [-NHCOBCOOHia ™ tHjOl^ •* 
«r*r -xrm mni ^>01 whifih. is entirely feasible for vaW of F of practical 

S^^r of'aeWhxmdxed t*. 8. 11]. 2 other ^^axb^lc acida 
tpj^ «det almost entirely in the W af^^X^^an4 
^^fly the concentration of the free add which. ^^^^ 
iSSn cf ^NHOOBGOOH- groups should be leaB than m «ie case 

of monocarboxylio aaidi. 

Prom equation (12) and-ClS) it foBowa that 

PEKCOOH)^ • / tH«0%a \ ' (14) 
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Suu»' [B (C QOHJJ^ , 

(1 *) eWd so.nawhat evented ^ *r 0. ^ 
^t^^* the dioaxboxylio acid, the numb* of ohainH ie detexmined 

by &b relationship: 

r~~COQHk t + (WNHJgt =twMW cOOHa<— (1— «) (COOH) J, , 
fit* 3 2 

and i' ' . C 15 ) 

U «i. .the ccnx-ntea^ of carboxyl groin* a* eqaffibrhna is detennW by 
^Sf^SSing info aooonn* the &<* 

Subafcfarfdm aftLia equation into equation' (16) gJv*s 

' , - 1 a«> 

/ a -«)*& (OOOH).]^— K 
Oa^baaa of eqoatums (1*) and (15), the way ia *fci*b a depends onP may 
be obtained: IROT^ (17) 

js/ ypt . (is) 



Thedmultoneom ibbOn of eqoatianfl (16) and W^**^^*: 

^3^dtsfby the a^hcd of ^^^^^STS) 
Salybe wen. from the data-in Table l r beoaT»e the vahxe erf am eqoattaa 
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in effect as a monofonctioiial oompomid, that is, the- equations (10) and (9) 

should hold far P and <r- • ' * . • . 

^Lmi^ r*rf amiTM *a&r of ccboccylic acids. The effects '"d amine 

Balta of oarboxync acids as molecular bright legnlatcxs for PCA must be essen- 
tially the same in principle, since, under conditions of hydrolytio polymema^oa 
of ciproUotam, amine salte transform mto the carzegponding amides cOTSiderably 
before any marked quantity of PC3A ia formed. ~ 

A feature of amide regulators is that the reduction in the xoofecolax 
of PCA in their presence is connected the occurrence of aaadolyaa m* 
flhonld ccnaeqoaSly not upset the e<pirnolecular ratio between the drfiaren* 
kmdfl of- end grompa. ; 

*om- tvpelof ma^^ 

hooittl >■»■■» * <w no oH 

ECOHS — — COMHR. ... 
The eqmEbrram reactions ha the melt may be represented by the following 
schemes in this case: " 

— 2JH. + HOOO— ^l-^ilH0O-+H 1 O {19) 

— OT» + HooaaS— MBCOR + H t O W 

— COOH + HJSTR'^— COHHR' + H.O ( 21 ) 

BCXXXH + B-NH.§ECONHR'+H,0 5 (23) 

Addabjsis and «ridolysis of the free annde by end groups ^J^^^ 
edi S reaction -lfflDOR+BOTOO * -HH0O-+B0ONHR' may 

b ° ^^atinmed that X x a K» then the conception* of tb* free acid W the 
free azimxB wffl l» equal arid 1)0^ 
of end amino and carhoxyho groups. 

In this case, the number of chains viH be given by: 

n-- ' ~ • 

^[-COOHl.rt- A [BOQHKR' ]i-[-«Hj.«+ A p&OOMHB'*, . (23) 

Here 

-<[RCOOB3^f I^OCffiCKB^- [ROONBBT«— J^JJRCONHRTeq . 

By taKng equation (23) into account, the expression far P. becomee: 
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of ^J^SZ*** *r (19) * 

fluljstittrtdcu afthfsexpi*^^ equation (24) give* 

1 • ' (26) 

Binoe ^ .Wota m***"*- of CRCOOB1. -d |WW «? _dl — 
#22) xn»y be looted. la *Wb caa« 

^ OE^ONHB^-DaOOKHS-l^CBCOCXHU 

It fbHowa fiom. eqwrtiana (19) a^a (20) tb*t: . ' . 

and . • • - • 1 ' '" 

cbcooh]^ ymk Q] ^_._. CM) 



Ito degree of poljim«ii»to<*^ m ^I*f^ M,W ^ ^ 

of thfl acdd and amine, although. 1&b reaima m » nBM »° "* " * miMested 

evident axoeptfon of Jkose »«_■ ™» J^T". _,_„- of tfc» onlotoMertao 
the badctlrr of -the end amino group of POa. ana wrong 

^/^^o XIX amain, eonstant on going .from a mOMo»Aoxyfio «Jd 
_ ^'ff.f'f^^X ^dXisWe)««Bia« (amine «»), eqwHoas 

segnlaiang effects o£ tixeaa otjcmpcnmiifl- • 



13.45 



V;-,-?aUnt»r«. :« 3«:'«.|. Kjng S'.fJ-s 



♦ 49 ii 743 3 1 



T-2DJ S OU/313 F-701 



■y^gWittfa-rm of jnoleculaz wedgiit of polyooproamlda 



865 



Tables 1-5 ahow the results of cttlrqlafr'nnfl of P and tt for the caees when mano- 
and dioarfjoxyiio adds and amides axe used as regulators. It is hexe taken that 
K=K 1 =±O0, corteepondrng to a temperature cf 245°C and aa 'eqraHbrram water 
content of 6 x 10^-3 x 10-* mole/bamo mole [9]. 

TCabJJB 1. BSTXCEf oy O00roBHTBAICnJ2)r QT 5CDQAB3O3I3XiD0 AdMASTD EBB SSOWtBfEIJM 

OGT " rtrp yrp T7T.iuu.i l i m XOX.TOAJ2BOAaCn>a 



izxxjle/baaio znola 



Water 



regulator] eqp« (2> 



from 



eqn.(16) 



ax 10*. X 



5x10-* 



6x10-* 

axio-» 

lx 10-* 
2xl0-« 

5x10-* 
1x10-* 
5x10-* 

ix*io-< 

2x'l0-» 



288 








2000 


280 




■• .. 1000.- 


273 




200 - 


• • • 164 • 




100 


• 94-5 




60 


49-3 


200 








• 200tr • 


ft* • 




1000 


196 




200 , 


... 1*2 




100 . 


. 80-5 




60 


. 48-6 



0-18 

0- 23 

1- 80 • 
4-33 

17-3 

0-31. 
0-37 ' 
"1-68 
4-32 
17-8 



1-000 • 
0-762 
•0-W0" 
0*101 
0-0*29. 

0- 008 

1- 000 
0-820 
0-670 

..0-172 
, 6-066 
0-015 



0-706 
0-615 
0*635 
0-224 
. 0;120 
<M>80 
0-500- 
0-462 
,0*10 
.0:207 
6-118 
0-060 
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A compariBcn of the valnas of P caL-ulated tan equation (a) an4 &op 
of reffrfator in. the -preaenQe of water are different.. \Lhej may pe puwew, <«» 

15, adds (monoamine*), amid- (amme «ato). In tha Urt tw« 
ttepSLe of e «n 006 mole % of regolaterr-taces theytojf P ff^bri^ 

end groV Ttos the depecden*. cf j> « »» ooooentot^ of ^ooaxb^ 

SfinLn in TaUc * iTfagood. qaaW^agT,*™^ with the 

daterf Mattes [8] on tb. polynmrisaSon of oq^Mt-atfa *^ rf ^! 

in these experiments was more than 1 mole y 0 ). l^caxaoxyaa - mr% . 

<fc 0 xua e^Sr presence the most folly, and monocaxboxyllo adds and mo*)- 

^S^k * c^paxieon of the values of P .osculated from e^^a (l) 
and from equations (10), (16) and (27) that eren.very ^aJl <^^*?f * 
water h^Troy rttoagefeot on the polymerizatioa.of ^^^t^l 
^*Le ofre^tox^ptrtioulajly when the regulator ™trataon ia ^ 
^rcondiS^ that the yata» of P calculated from these foxmn^e aho^i he 
«cmal are easily obtained if equation (1) is set equal to equator* (10). (16) and 
(27) respectively. 
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Mfl I*. IT. Mjzhbovsdi atad Yxr. 8. IV^oliotsv 

After Bomfi aleniejifc^ry r^ffic^^DgOTaent obtains for monocarboxylic acids (mo- 
noamines) [RCOOBl,^^^^^ ; for dicarboxylic acids (diamines) ^ 

=0; ipj amides (amine salts) [BiOONECB"] 0 => — - 

Ifc may easily "be seen from the formulae presented that, if in the case of 
manocajrbocxyliD acids (monoamines) and aznidea (amine aalte) it is possible 
to obtain those rafcioa between the. wate* and regulator ooncentrationfl for which 
eqnatian (1) is true, then in the case of dioaxboxylic acids (diamines) equation (1) 
is trne <mly for EHtOJoq^O. 



fura 2. Baraox or oamnsnaAxioar ox MOgociaa u hcylio APm g aicd 



COST CSS 







P 








xnatfi/baaia mala 










> 


•water 


zegolstar 


ftamaqpu (2) | from tqa. (1) 


fromeqa. (10) 






5X10-* 




283 








1-000 


(0-08-irt.*£) 


5x10-* 




2000 


264 


0*33 


0-86T 


ixio-» 




1000 '• 


248 


0-41 


0-754 




5xio-» 




2000 


14T 


0»68 


0-270 




ixio-« 




100 


91 


MO 


0-100 




2X10- 8 




SO 


50 


2-00 


0-020 


IX 10- 




20O 








1-000 


(0-lQwt.;*} 


6X10-* 




2000 


191 


0-58 


0-005 


1X10-" • 




1000 


130 


0-56 


0-820 




«xio-« 




200 


124 


0-81 


0-380 




ixio-« 




100 


84 


119 


0-170 




2X10-* 




50 


48 


210 


0-0B8 



Equations (10), (16) and (£7) indicate that the eqtnlfhrinm degree ofpclymsad- 
sation of POA synthesized in the presence of water and & molecular weigh* 
regulate* flgprnnfa both on the amount of regulator introduced and on the water 
concentration at sqnffifarimn, as wdQ as on the PCA maaramoleoules and on the 
end group fbzmed through the reactions of the POA xaaoromoleoalea 

with the regulator* 

Tn the general oaae these constants may he unequal, since the strength, of 
the carboxylio adds and amines generally wd as regulators differ considerably 
from the strength of the end groups of PGA. and consequently the regulating 
e&ot of caebcrylio acids and amines, and equally that of their salts, should 
to a certain extent depend on the cnrifltaTitrt sad on their flfasofliatfrm. 

The introduction of regulators into POA (apart from directly regulating 
molecular weight) also has the objective of Inctreastn^ its resistance (stability) 

tn RAAvtirmml pnTynnm A «m fltrHrtff lyxg***** mfJtmg fxL the farming of COSUpO^ 

neats (ia particular fihew* [1-3,14])* The increase in the stability cfPOAis explained 
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bv the fact that tiae regulators block off one ox both end groups of tlie PCA 
^JSlle. and «Z£ently end group concentration the polymer 
and the rate of additional pcdycondeasation axe decreased. . 

Txbx* 3. o* aotffflnm^^ 

T^jTY rr.TTr ft.rmg Mlt QAPBO A-frCXTJ-B 



Caxuiautrtttiozi, 
molfl/boaic mole 



water 



regulator 



£ron*6cpi- 
(2) 



from equ. 



from. eipa. 
127) 



a. % 



/J 



6X10-* 



1 X io-» 



5X10-* 

lxio-* 

5X10-* 

ixio-« 
2xio-« 

6X10-* 

lxio-* 

5X10-* 

ixio-« 

2X10-* 



288 



200 



2000 
1000 
200 
100 
60 

2000 
1000 
200 
100 
60 



248 
221 
117 

74 

42*6 

182 
167 
'100 

67 

40 





1-0 


1000 


0-35 


1-0 


0-876 


0 36 


1-0 


0-780 


0-36 


1-0 


0-412 


0 35 


1-0 


0-262 


0*36 


1-0 


0*150 




1-0 


l-OOO • 


0*50 


1*0 


0-910 


0-50 


1»0 


0-622 


0-50 


1-0 


0*500 


Q-fiO 


1-0 


0-335 


0-60- 


1-0 


0*200 



of » Mcolaior. 

Th^ingood «MJ- 
to -which as the conoencfcratioit of mono- and. oicaxoaxya^ •*^-» 

[-NHJ^-COOHW ooniinWy fleers, a^d » tt. «>* 

oar m *ot aot ooHCBarauxtojH- ojt ana mtji«cula* whisks 



Regulator 



0 | 6X10 



Qcmcontaatfaa of regulator. mola/baHto note 
1X10-* 1 5X10-* I 1X10— 



MoaocarbocKyJlo aaid 

(maxioa mfrtw) . 
J^ioarboxylia add (daa- 

Amide (ataJnesalt) 



1-41 

1-41 
1*41 



1-33 

1-406 
1*36 



1-27 

1*39 
1-32 



119 

1-16 
1-17 



1-08 

1-08 
1*10 



2X10-" 



1*04 

1*02 
1*06 



(amtae salt) conception ia mcwaaed, although ti* xafao xamama 
^LaWS«6 a decrease fax the overall xrnxnh ax « 
^rDolyxoer of the same molecular weight aynthesiaed ™*horirt a *taWU*«. 
It a^Xwa from the data presented that fi U xeduoed more rapaByJy 
^x«S iChcxylic ac^ihan hy the U»taU» of mo~>ca*o*y*c 
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^wdon of toil relarior^hrpia quite clear, since in the case of dicar- 
.^S^Hocfed amino groups are replaced by 

cTcIrboxyHo groups and this does not happen when monacarboxyho acads axe m- 
iSSSiSd— that whenmono- and diamine, abused a* regulator* th* 
^^dbeBhnilar withibe exception that f^JP^f ^J^i 
^STtt. baaia of the relationships (10), (16) and <*T> obtaxned m 
VO rk it ifl possible to make a optative comparison of the stability of equuibri- 
Z PCA specimens synthesized in the presence or abaence of reguUtors We 
toXt on the basis of the fact that the direction of the polyccndenaatxon- 
hydrulysis process during the repeated melting of POA depends on the way 
in vMck the relationship . - . 

[-KHOO-J^^OLt ' (28) 

-which, had been established during tiia.polym^tion of caprolactam is dis- 
rupted outing -the te<mnologic*L treatment of PGA before the forming ^^rrpo- 
JUa. During the mann&ctee of fibres, the disruption of this ^relationship 
occurs through the elimination of some proportion of the linear POA oligomers 
the effraction of low molecuUr weight cyclic oompounda.and caprolactam 
by water, ie. the 'disruption occurs through a reduction in the v denoinmator 
and a change in the moisture content of the polymer as compared with the moisture 
content of the melt at the end -of the polymerization reaction,' and through 
a ohongfi in tha utitti pr&tor > 

Sinoe additional polycondimsation takes place as a rule, it may be ooncrndwi 
-that the 'rromeratoT in equa'tian (zk) is reduced/to a greater extent than the 
danommator. In this" oaae, if it is assumed that the changes in the end group 
concentration' during' the' extraction of. stabilized and unstabuized POA are 
tie same, the ratio of the values of P far. ^eaimfiiifl synthesized with various 
eq^brhnn water, conoeatratiana may be chosen as a. criterion, of the stability 
of PCA +™a<*t repeated .melting (the smaller the difEerenoe between P, the more 
atahle the polymer). ' 

. In order to ffinstrate possible trends in the stambty of PGA syntiiBSized 
in the presence of various regulators, Table 4 presents varoea of the P ratios 
pnlr^Ufofl for two conoentrationa taken from Tables -1-8, as a function of the 
nf i p <wtv fc riy fn nfy and type of regulator. ' 

It may be seen that the stability of PCA ia markedly raised as the ooncentra- 
tion of the mdeetxlaV-weight regulator is increased, but on the basis of these 
data, it is clearly impossible to look for any maxkrd differences in the stability 
nfpn pi1tfrn~T Tm PQA obtained in the presence of regulators with different stcuctarea. 
therefore the data in the literature [14] about tha inarked diSsrences in the stabil- 
ity -of POA synthesized in the presence of acetic acid, n-outylamine, n^butylamine 
acetate w rd adipio acid, must be considered; as relating to polymers in which 
the a*rA*<* equilibrium was not re&dhed during the polymerisation of bapcrolactami 
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Bcgnlation of molecular -weight of polycaproamide 869 
CONCLUSIONS 

m A theoretical discission baa boon given of the effect of regulators with 
™^rmH atructrrrea on the molecular weight of polycaproamide. . 
V0 1 T^Slxave been presented which connect the degree ^3^^^ 
ofpolyS^midewttLthB concentration of water and the contra- 

^ JL a of Tnmio- and Trifraictioiuwl regulators. ^ . . v 

»ta been ahowu that amid, regulato.. ha^ the peafert ^Mw«>- 
dJi of pdymerisation of PG4. in the presence of water, and dioaxboryho . 

- j Q ftT1 ^ diamines have the least effect. 

* a %^SrW a«w. that the rtatffity of « I0 aari r 

«J2 »peated melting depends little <m the type of molecular weigh* legator 
used. TrwdaUd by G. 7. atcnvrrBnr 
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(57) Abstract 



The car industry makes increasing use of plastic light guides whose protective layers (4) consist of a polyamide. Since unmodified 
polyamide adheres poorly to the fluoropolymeri frequently used as material for the fibre cladding (3). the plastic light guide (2, 3) moves 
in relation to the protective layer (4) when the temperature changes. To suppress this so-called plstoning* effect the light guide plugs and 
support elements have to exert considerable clamping forces on the protective layer (4) and the plastic light guide (2* 3) positioned therein, 
which results in greater signal attenuation. The use of a modified polyamide significantly Improves the adhesion of the protective layer (4) 
on the fluoropolymer cladding (3) of a plastic light guide. A modified polyamide 12 whose carboxyl terminal group concentration is no 
more than 15 p Ao/g and whose amino terminal group concentration is between 50 /iAo/g and 300 pAq/g and which presents low viscosity 
is especially suitable as protective layer material. 

(57) Zusammenfassung 

Im Bereich der Automobilindustrie koromen zunehmend K-LWL rum Einsatz, deren SchutzhQlle (4) aus einem PA besteht 
Da unmodifiziertes PA nur schlecht auf dem hfiuflg als Material fQr den Fasermantel (3) verwendeten Fluorpolymeren haftct, bewegt 
sich der K-LWL (2, 3) bei ciner Temperaturflndening rtlativ zur SchutzhQlle (4). Urn diesen als "Pistoning" bezeichneten EfTckt zu 
unterdrQcken, mQssen die LWL-Stecker und Halterungen sehr grosse, zu einex Erhohung der Signaidfimpfung fQhrende Klemmkrflfte auf 
die SchutzhQlle (4) und den darin angeordneten K-LWL (2. 3) ausuben. Durch Verwendung eines modifizierten PA Ifisst sich der Haftsitz 
der SchutzhUUe (4) auf dem aus einem Fluorpoiymer bestchenden Mantel (3) eines K-LWL deutlich verbessem. Als SchutzhQIlenmaterial 
kommt insbesondere ein modifiziertes PA 12 in Betracht, dessen C^rboxylendgmppenxonzentration maximal 15 /*Aq/g betrigt und dessen 
Aminoendgruppenkonzentration Im Bereich zwischen 50 pAq/g und 300 fiAq/g liegt und tiefvtskos ist. 
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Grilamid L16 



Page 1 of 1 



Grilamid (nylon 12) provides the lowest moisture Ovjl^TW 1/1^ 

absorption of any commercially available nylon, thus ^JFjTl*OLiIllOL 

providing dimensional stability with mechanical properties 

virtually unaffected by environmental humidity. Y_JWV£ 

Grilamid L16 



Grilamid L16 is a high flow 
extrusion grade, it has low 
viscosity and provides high 
resistance to environmental 
humidity. 

Nomenclature 

L Unreinforced nylon 12 
grade 

16 Low viscosity 

Use Grilamid L16for 

For blown and cast film for 
direct contact with non 
alcoholic foodstuff. 



Applications 

• Rigid beverage tubes 

• Food packaging 

• Sausage skins 

• Boiling bags 

• freezer bags 

• Plates 

• Pipes 

• Rods 

and many more ... 
Availability 

All grades are supplied pre- 
dried. packaged in moisture- 
proof, foil-lined bags 
containing 25kg (55.1 lbs). 
Other packaging can be 
made available 
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! . EQAR eg ulations CFR21 
paragrap h 177.15 00 (Dir ect 
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Disclaimer 

No liability is assumed and 
no representations or 
warranties, either express or 
implied, are made with 
respect to the information or 
the product to which the 
information refers. 
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Gnlamid (nylon 12) provides the lowest moisture ^^^mtm 1*% i^I® 

absorption of any commercially available nylon, thus ^7*mflLAHlVl 

providing dimensional stability with mechanical properties — m 
virtually unaffected by environmental humidity. ^rjMV^ 

Grilamid L16 A 



Grilamid L16 A is a low 
viscosity extrusion grade, 
hydrolysis stabilized. 

Nomenclature 

L Unreinforced nylon 12 

grade 
16 Low viscosity 
A Hydrolysis stabilized 

Use Grilamid L16Afor 

Tubing and cable 
sheathings requiring 
hydrolysis resistance. 



Applications 



• Tubing and cable 
sheathings 

• Profiles 

and many more ... 
Availability 

Ail grades are supplied pre- 
dried, packaged in moisture- 
proof, foil-lined bags 
containing 25kg (55.1 lbs). 
Other packaging can be 
made available 



Disclaimer 

No liability is assumed and 
no representations or 
warranties, either express or 
implied, are made with 
respect to the information or 
the product to which the 
information refers. 



Download the Technical Data Sheet of Grilamid L16 A (will be available soon) 
Download the Material Safety Data Sheet of Grila mid L16 A ( Natura l) 



A back I 



http://www.us.emschemxom/ep/products/grilaim 
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Technisches Merkblatt 



Grilamid L16 LM 



Produktbeschreibung 

Grilamid L16 LM ist ein tiefviskoser Extru- 
sionstyp auf Basis von Polyamid 12 (PA12). 

Grilamid L16 LM ist UV- und hitzestabilisiert. 

Die Modifikation mil einem Kristallisations- 
beschleuniger bewirkt eine geringe Nachkri- 
stallisation und eine geringe Nachschwin- 
dung. 



Die Hauptvorzuge von Grilamid L16 LM sind: 

• UV- und hitzebestandig 

• Hohe Abrasionsfestigkeit 

• Sehr gute Chemikalienbestandigkeit 

• Sehr gute Olbestandigkeit 

• Hohe Oberflachengute 

• Gute Dimensionsstabilitat 

• Hohe Prozessgeschwindigkeit 

• Niedrige Dichte, geringes Gewicht 

Anwendungsbeispiele 

Grilamid L16 LM eignet sich besonders fur 
dunnwandige, mit hoher Geschwindigkert 
extrudierte Kabel-Aussenummantelungen, 
die Sekundarisolation von LichtwellenleKem 
und Kupferdraht-lsolationen im Elektro-/ 
Elektronikbereich. 



Grilamid 
Cms 



EIGENSCHAFTEN 
Mechanische Eigenschaften 







Norm 


Einheit 


Status 


Grilamid L 16 LM 


Zug-E-Modul 


1 mm/min 


ISO 527 


MPa 


kond. 


1100 


Streckspannung 


50 mm/min 


ISO 527 


MPa 


kond. 


45 


Streckdehnung 


50 mm/min 


ISO 527 


% 


kond. 


15 


Bruchspannung 


50 mm/min 


ISO 527 


MPa 


kond. 


50 


Bruchdehnung 


50 mm/min 


ISO 527 


% 


kond. 


> 50 


Schlagzahigkeit 


Charpy. 23°C 


ISO 1 79/2-1 eU 


kJ/m 2 


kond. 


ohne Bruch 


Schlagzahigkeit 


Charpy. -30 # C 


ISO 1 79/2-1 eU 


kJ/m a 


kond. 


ohne Bruch 


Kerbschlagzahigkeit 


Charpy. 23*C 


ISO 1 79/2-1 eA 


kJ/m 3 


kond. 


7 


Kerbschlagzahigkeit 


Charpy. -30 # C 


ISO 179/2-1eA 


kJ/m* 


kond. 


6 


Shoreharte D 




ISO 868 




kond. 


70 


Thermische Eigenschaften 


Schmelztemperatur 


DSC 


ISO 11357 


•c 


trocken 


178 


Fomnbestandigkeit HDT/A 


1.80 MPa 


ISO 75 


•c 


trocken 


50 


Fomnbestandigkeit HOT/B 


0.45 MPa 


ISO 75 


•c 


trocken 


125 


Therm. Langenausdehnung langs 


23-55°C 


ISO 11359 


10^/K 


trocken 


1.2 


Therm. Langenausdehnung quer 


23-55'C 


ISO 11359 


10 U /K 


trocken 


1.4 


Maximale Gebrauchstemperatur 


dauernd 


ISO 2578 


•c 


trocken 


90-110 


Maximale Gebrauchstemperatur 


kurzzeitig 


ISO 2578 


•c 


trocken 


150 


Elektrische Eigenschaften - 


Ourchschlagfestigkeit 




IEC 60243-1 


kV/mm 


kond. 


32 


Vergleichende Kriechwegbildung 


CTI 


IEC 60112 




kond. 


600 


Spez. Durchgangswiderstand 




IEC 60093 


n • m 


kond. 


10" 


Spez. Oberflachenwiderstand 




IEC 60093 


O 


kond. 


10 12 


Ailgemeine Eigenschaften 


Dichte 




ISO 1183 


g/cm 3 


trocken 


1.01 


Brennbarkeit (UL94) 


0.8 mm 


ISO 1210 


Stufe 




HB 


Wasseraufnahme 


23°C/gesatt. 


ISO 62 


% 






Feuchtigkeitsaufnahme 


23°C/50% r.F. 


ISO 62 


% 




0.7 


Linearer Spritzschwund 


langs 


ISO 294 


% 


trocken 


0.80 


Linearer Spritzschwund 


quer 


ISO 294 


% 


trocken 


0.85 




Produkt-Bezeichnung nach ISO 1874: PA12, EHLS, 14- 010N 
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Verarbeitungshinweise fur die Extrusionsverarbeitung von Grilamid L 16 LM 



Das vortiegende technische Merkblatt fur Grilamid 
L 16 LM gibt Ihnen nul2liche Hinweise fur die Mate- 
rialvorbereitung, die Maschinenanforderungen. den 
Werkzeugbau sowie die Verarbeitung. 



MATERIALVORBEREITUNG 

Grilamid L 16 LM wird verarbeitungsferiig getrock- 
net geltefen. Die Sacke sind luftdicht verschweisst. 
Eine Vortrocknung ist daher nicht erforderlich. 

Lagerung 

Verschweissste, unbeschadigte Sacke konnen. 
witterungsgeschutzt. uber Jahre gelagert werden. 
Ais Lagerort empfiehlt sich ein trockener Raum, in 
dem die Sacke auch vor Beschadigung geschutzt 
sind. 

Handhabung und Sicherheit 

Detaillierte Informationen konnen dem .Material 
Sicherheits Datenbiatr (MSDS) entnommen wer- 
den. welches mit der Materialbesteliung angefordert 
werden kann. 

Trocknung 

Grilamid L 16 LM wird bei der Herstellung auf ei- 
nem Wassergehalt von < 0.10 % getrocknet und 
luftdicht verpackt. Sollte die Verpackung beschadigt 
oder das Material zu lange often gelagert worden 
sein, so muss das Granulat getrocknet werden. Ein 
zu hoher Wassergehalt reduziert die optischen und 
mechanischen Eigenschaften des Extrusionsarti- 
kels. 

Die Trocknung kann erfolgen im: 

r Trockenlufttrockner 



Temperatur: max. 80*C 
Zeit: 6-16Stunden 
Taupunkt der Trockenluft: -25*C 



r Vakuumofen 

Temperatur 

Zeit: 



max. 100*C 
4-12 Stunden 



Trocknungstemperatur 

Einen Hinweis auf eine oxidative Schadigung von 
Polyamiden gibt bei hellen Farben eine sichtbare 
Vergilbung. Im Trockenlufttrockner sollte die maxi- 
male Temperatur (80"C) nicht uberschritten wer- 
den. Im Vakuumofen, bei geringerem Sauerstoff- 
partialdruck, ist eine hdhere Temperatur (100°C) 
moglich. Urn eine Vergilbung bei hellen Farben zu 
erkennen, ist es sinnvoll, eine kleine Granulatmerv 
ge als Vergleichsmuster zuruckzuhalten. 



Bei langeren Verweilzeiten im Maschinentrichter 
(uber 1 Stunde) ist eine Trichterbehei2ung oder ein 
Trichtertrockner (80'C) sinnvoll. 



MASCHINENANFORDERUNGEN 

Grilamid L 16 LM lasst sich auf alien fur Polyamid 
geeigneten Maschinen verarbeiten. 

Schnecke 

Verschleissgeschutzte Universalschnecken sind zu 
empfehlen (3 Zonen). 



- Schnecke 
L^nge: 

Kompressionsverhaitnis: 



24 D - 25 0 
2.8:1-3.5:1 



Genutete Einzugsbuchsen 

Fur das Extrudieren von Grilamid L 16 LM emp- 
fehlen wir glatte Einzugsbuchsen. Zur Erzielung 
hdherer spezifischer Ausstossleistungen kann die 
Einzugszone auf eine Lange von ca. 2 D nach der 
Einfulloffnung leicht genutet werden (Nutentiefe 
max. 0.5 mm). Es wird empfohlen die Trichterzone 
auf konstante 60 - 90°C zu temperieren. 



VERARBEITUNG 
Grundeinstellungen 

AIs Grundeinstellung fur die Verarbeitung von Gri- 
lamid L 16 LM hat sich folgendes Profil bewahrt: 



r Temperaturen 

Trichterzone 

Einzugszone 

Kompressionszone 

Meteringzone 

Flansch 

Werkzeug 

Duse 

Masse 

Kuhlbadtemperatur 



60 - 90'C 
160-170*C 
190-200'C 
200 - 220'C 
200 - 220'C 
200 - 220'C 
200 . 220 - C 
200 - 220*C 

15-40 # C 
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KUNDENDIENSTLEISTUNGEN 



EMS-GRIVORY ist Spezialist in der Polyamidsyn- 
these und Polyamidverarbeitung. Unsere Dienstlei- 
stungen umfassen nicht nur die Herstellung und 
lieferung von technischen Thermoplasten, wir bie- 
ten vielmehr auch eine vollstandige technische 
Unterstutzung an: 

• Rheologische Formteilauslegung / FEM 

• Materialauswahl 

• Verartoeitungsunterstutzung 

• Formteil- und Werkzeugdesign 

Detaillierte Informationen zur Extrusion von EMS- 
Polyamiden finden Sie in unserem technischen 
Merkblatt .Rohrextrusion*. 

Wir beraten Sie geme. Nehmen Sie etnfach Kontakt 
mit unseren Verkaufsburos auf. 



Die vorliegenden Daten und Empfehtungen entsprechen 
dem heutigen Stand unserer Erkenntnisse, eine Haftung 
in Bezug auf Anwendung und Verarbeitung kann jedoch 
nicht ubernommen werden. 

HAR/08.2001 
www.emsgrivory.com 
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